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Abstract: Fourteen captive-reared whooping cranes (Grus americana) were transferred to a pen for soft-release in Florida. Nine were 
killed by predators within 6 months. We found metal objects in the stomachs of 6 of these 9 either by radiography or at necropsy. All 
6 had elevated serum zinc (Zn) concentrations (x = 10.3 ± 2.7 flg/ml, range 7.2-14 .ug/ml) when compared to 3 without metal in 
their stomachs (X = 2.4 ± 0.92 flg/ml, range 1.6-3.4 J1.g/ml). We observed lethargy, abnormal posture, anemia, and elevated white 
blood cell counts in 2 cranes at or near the time of elevated serum Zn. The metal was surgically removed from these 2 and they 
appeared to recover. Metal debris from chain-link fence construction was the primary source of ingested objects. 
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Metal ingestion is a common problem for captive cranes 
and can result in physical trauma to organs (Bush and Ken-
nedy 1978), obstruction of the intestinal tract, or toxicosis 
from absorbed metals (Kennedy et al. 1977). Ingestion of 
metal has caused mortality from lead (Pb) toxicosis in wild 
sandhill cranes (G. canadensis) (Windings tad et al. 1984) and 
whooping cranes (Snyder et al. 1988). In this paper we report 
on cases of suspected Zn toxicosis associated with ingestion of 
metal objects by whooping cranes being released into Florida. 
We thank the staffs of the National Wildlife Health 
Center (NWHC), Madison, Wisconsin; Patuxent Wildlife 
Research Center (PWRC), Laurel, Maryland; and the 
International Crane Foundation (lCF), Baraboo, Wisconsin, 
for providing some of the serum and liver Zn results. N. S. 
Wilkinson performed most of the Zn analyses. N. J. Thomas, 
J. C. Franson, and C. U. Meteyer of the NWHC also 
provided necropsy information from some of the carcasses. 
B. Wagner, J. A. Schmidt, S. T. Schwikert, J. M. Nicolich, 
and M. Wellington assisted with handling and made behav-
ioral observations. J. A. Langenberg and G. H. Olsen 
provided considerable advice and background information. L. 
A. Young was responsible for care of the 2 cranes requiring 
surgical procedures at the Veterinary Medical Teaching 
Hospital (VMTH), University of Florida. Comments from D. 
J. Forrester and B. L. Homer improved the paper. Funding 
for this study was provided by the Florida Game and Fresh 
Water Fish Commission and the U.S. Fish and Wildlife 
Service. This is Florida Agricultural Experiment Stations 
Journal Series No. R-04946. 
METHODS 
An experimental release of whooping cranes into central 
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Florida was described by Nesbitt et al. (1997). Fourteen 
captive raised cranes (6 from PWRC and 8 from ICF), 7-9 
months of age, were held in a pre-release 
quarantine/acclimation pen in Osceola County in January 
1993 and were al10wed to fly free 1 month later. During 
quarantine they were examined upon arrival, when captured 
to change a brail from 1 wing to the other, 2 weeks after 
arrival, and upon release. Blood and feces were collected and 
they were re-vaccinated for eastern equine encephalitis. 
Hematology and blood chemistry parameters were compared 
to those of captive Whooping cranes (Gee et al. 1981). They 
were observed daily: either directly from a blind near the 
release pen or by radiolocation with leg-mounted transmit-
ters. Live birds were examined either in the field or at the 
University of Florida VMTH by using conventional radio-
graphic techniques. Complete necropsy examinations were 
made on all birds found dead for determination of cause of 
death and collection of stomach contents. Blood was collected 
from the jugular vein into serum separator vacutainers or 
vacutainers with lithium heparin; serum or plasma was 
separated and frozen. In most instances serum was used to 
evaluate Zn concentrations; however, in a few cases plasma 
was used when serum was not available. Throughout the text 
serum and plasma are treated as equivalent. All of the serum 
and 2 of the liver samples were analyzed for Zn by air 
acetylene flame atomic absorption spectrophotometry on a 
Perkin-Elmer Model 5000 with AS-50 autosampler located at 
the University of Florida (Perkin-Elmer Corporation 1982). 
The remaining liver samples were analyzed for Pb and Zn 
for the NWHC by the Wisconsin Department of Agriculture, 
Trade and Consumer Protection Laboratory t Madison, 
Wisconsin. All serum values presented are wet weight basis, 
and liver values are listed in both wet and dry weight basis. 
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Comparisons between cranes that had metal in their stomachs 
and those that did not were made with the Mann-Whitney 
Test (P < 0.05) (Siege11956). 
RESULTS 
Two weeks after transfer to the release pen in Florida, 2 
(#770 and #774) of the 14 cranes began to exhibit abnormal 
behavior (Table 1). They spent longer periods resting than 
other birds, were ataxic, assumed an abnormal posture, had 
unkempt feathers, and appeared emaciated. The back 
appeared hunched, probably due to a change in position at the 
base of the neck. They stood upright, moving the bill 
alongside the neck as if trying to preen but without grasping 
feathers. 
Six weeks after arrival, the condition of crane #770 had 
deteriorated considerably and it was captured for examina-
tion. It could not fully extend the left wing. It had lost 0.9 kg 
body mass. An attempt at field radiography failed. The serum 
Zn concentration was 14 tlg/ml; blood Pb was <2 mcg/dl. 
White blood cells were elevated (24,500/tll) with increases in 
numbers ofheterophils, lymphocytes, and monocytes. Packed 
cell volume (35 %) and hemoglobin (13 g/dl) were low; 
plasma uric acid was high (12.8 mg/dJ). The bird was 
transported to the VMTH where 7 1.2- X O. 1 ~cm pieces of 
galvanized metal were surgically removed from the ventricu-
lus. Acid digestion of this metal yielded 0.25% Zn. No 
abnormalities of the left wing were found by physical 
examination and radiology. The crane was returned to the 
release pen 4 days after surgery. Recovery was slow; use of 
the left wing gradually improved, and it first flew from the 
pen 1 month later. It was killed by a predator 4 months after 
surgery. 
Two months after arrival in Florida, metal was detected 
in the stomach of crane #774 with a portable radiograph 
machine. The crane had lost 1.3 kg body mass and serum Zn 
was 4.4 tlg/ml. In a blood sample collected 14 days after 
arrival, serum Zn was 8.2 tlg/ml. White blood cells were 
elevated (57,OOO/tll) and most of the increase was due to 
heterophils (47,3001j1.1). Packed cell volume was low (27%). 
Alanine transaminase (ALT) was elevated at 176 IU/l. 
Surgery was performed 1 month later. A 5.4~ X 0.2-cm 
piece of galvanized wire and 6 shiny pieces of 1.5- x 0.2~cm 
worn aluminum (AI)-like wire were removed from the 
ventriculus. Stones removed were covered with shiny 
material, perhaps from rubbing against the AI-like wire. The 
AI-like wire was only faintly detectable in radiographs due 
the poor ability of Al to deflect photons (Johns and 
Cunningham 1983: 142). This bird was returned to the release 
pen the day following surgery. It flew from the pen the same 
day and spent the first night on the shore of Lake Marion. It 
remained away from other birds, its feathers were unkempt, 
and it was killed by a predator 2 months after surgery. 
Four other birds (#'s 769, 778, 782. 783) had metal in 
their stomachs (Table 1) when they were killed by predators 
1, 2, 4, and 5 months after arrival. Metal pieces found at 
necropsy included a pop-rivet, a stainless steel hog ring, 2 
linked pieces of 7.2- and 6.3- X 0.2-cm galvanized wire, 12 
pieces of AI-like wire, pieces of black plastic with imbedded 
stainless steel, and a piece of flat foil-like materia], a piece 
of orange plastic, and pieces of green plasticized fiber. No 
behavioral abnormalities were observed in these birds. 
The above 6 cranes with metal in their stomachs (Table 
1) had ~7 tlg/ml serum Zn. The mean serum Zn calculated 
from the highest concentration for each of the birds (exclud-
ing the post-surgical high concentration in crane #770) was 
to.3 ± 2.7 tlg/ml serum Zn; the mean liver Zn was 51 ± 30 
tlg/g. Lead was not detected in the liver of 4 of these birds 
(#'s 769, 783, 774, 778). All 6 were killed by bobcats within 
6 months of their arrival in Florida. 
One crane (#773) was suspected to have ingested metal 
(Table 1) based upon a serum Zn of 11.6 tlg/ml 2 weeks 
after arrival. However, this bird could not be recaptured and 
was killed by a predator 2 years after arrival. No metal was 
found in its stomach at death. 
Seven cranes (#'s 772, 775, 776, 777, 779. 780, 784) 
exhibited no evidence of ingesting metal (Table 1). The mean 
of the highest serum Zn levels measured in these 7 birds was 
2.7 ± 1.0 tlg/ml. Liver Zn averaged 35 ± 12 jJ.g/g in the 3 
birds of this group that were killed by predators. Four of 
these birds survived for longer than 1 year; 3 were known to 
have been alive in January 1996. 
Serum Zn concentrations of the 6 cranes with metal in 
stomach measured at 8-15 days prior to shipment to Florida 
were below 3 j1.g/ml (x = 2.0 ± 0.3) (Table 1). More of the 
cranes from PWRC were found with either metal in the 
stomach or elevated serum Zn (5/6, 83 %) than cranes from 
ICF (2/8,25%). Only 1 of the ICF cranes had ingested metal 
that resembled fencing wire. Serum from 4 wild Florida 
sandhill cranes (G. c. pratensis) from Osceola County, of 
similar age to the released whooping cranes, ranged from 
0.49 to 2.39 j1g/ml Zn (Table 1). 
Upon arrival in Florida, cranes from ICF were generally 
heavier than cranes from PWRC. A direct comparison 
between the groups could not be made because weights were 
not available for all ICF cranes upon arrival and because 6 of 
the birds from ICF spent 2 weeks longer in quarantine in 
Florida. Two weeks prior to release (after 2-3 weeks in 
Florida), PWRC cranes averaged 5.3 ± 0.3 kg and ICF 
cranes averaged 6.0 ± 0.7 kg. On release (after 4-5 weeks 
in Florida) PWRC cranes averaged 5.0 ± 0.4 kg and ICF 
cranes averaged 5.4 ± 0.7 kg. PWRC cranes lost an 
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Table 1. Zinc concentrations {/1g/9 or mil In serum and liver from whooping cranes released In Florida and from wild sandhill cranes of 
similar age from Osceola County, Florida. 
Band no. Source 
Days in 
Florida Serum 
Liver 
Wet Dry 
Whooping cranes with metal in stomach and clinical illness 
770 PWRC -15 2.4 
14 4.7 
27 
42 
46 14.0a 
53 
61 3.4 
62 
64 4.2 
66 16.8 
80 
97 
106 
171 6.1 
774 PWRC -15 1.8 
14 8.2a 
40 
42 
48 
53 4.4 
88 
89 8.0 
90 
137 
149 
Whooping cranes with metal in stomach 
782 PWRC -8 2.3 
22 12.4a 
164 
778 ICF 22 11.48 
123 6.6 
769 PWRC -15 1.7 
14 8.4a 
38 
783 ICF 13 7.28 
45 
x ± SE (n = 6) 10.3 ± 2.7 
180 
51 192 
34b 145 
27 90 
110 420 
36 138 
51 ± 30 194 ± 116 
Whooping crane suspected to have ingested metal based on serum Zn 
773 PWRC -15 2.0 
14 11.6 
26 9.6 
852 
Whooping cranes with no evidence of ingesting metal 
776 ICF 22 3.411 
772 
775 
779 
777 
784 
780 
x ± SE (II == 7) 
PWRC 
ICF 
ICF 
ICF 
ICF 
ICF 
Florida sandhill cranes 
G92-267 
G92-277 
G92-270 
G92-256 
x ±SE(1l = 4) 
40 
-15 
14 
22 
47 
22 
160 
237 
22 
46 
13 
265 
22 
161 
a Values used to calculate means. 
1.2 
3.28 
0.5 
1.53 
2.7 ± 1.0 
48 204 
26 90 
30 30 
35 ± 12 137 ± 49 
Comments 
Preshipment sample 
Lethargic, head droop, bill against neck 
Appeared emaciated and unkempt, abnormal behavior 
Emaciation, abnormal behavior 
First sign of recovery flight efforts 
Moved to VMTH, radiographs, metal in ventriculus 
Surgery 
Released to pen 
Flew 50 m within pen 
First flew from Ren 
Appeared normal 
Predation 
Pre shipment sample 
Lethargic head droop bill against neck 
Walk as if tranquilized, avoids other birds 
Head twisting behavior 
Radiographs- metal in ventriculus 
Moved to VMTH 
Surgery 
Released in pen, roosted alone on lake shore 
Solitary behavior, unkempt appearance 
Predation 
Preshipment sample 
Predation 
Predation 
Preshipment sample 
Predation 
Predation 
Preshipment sample 
Predation 
Predation 
Preshipment sample 
Predation 
Predation 
8 months of age 
8 months of age 
9 months of age 
1 year old 
b Wet weight not available, estimated by multiplying dry weight by 0.27 (mean cOllversion factor for other birds in this sample). 
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estimated 0.6 kg during Florida quarantine while ICF birds 
lost 1.3 kg. 
DISCUSSION 
Six whooping cranes that ingested metal objects had 
elevated (> 7 j-lg/mI, Matm Whitney Test, P = 0.(01) serum 
Zn concentrations and 2 of these exhibited signs of weight 
loss, abnormal behavior, and weakness while in a pre-release 
quarantine/acclimation pen. Crane #770 appeared weakest 46 
days after arrival in Florida when its serum Zn was 14 j-lg/ml 
and appeared to recover somewhat before surgery when its 
serum Zn was 3.4 ,ug/m!. The highest serum Zn concentra-
tion (16.8 t-tg/ml) occurred in crane #770 4 days after 
surgery. It is suspected that this concentration might have 
been caused by Zn mobilization following stress and reduced 
food intake associated with surgery. Crane #774 was not 
handled when it was most lethargic (between 40 and 50 days 
after arrival). Thus, the peak serum Zn for this and other 
asymptomatic birds may not have been detected. 
Muscular atrophy and weakness were observed in diving 
ducks that had ingested galvanized wire and pennies with 
serum Zn concentrations of 13 to 17 ,ug/ml and liver Zn 
concentrations 242 to 548 ,ug/g (Zdziarski et a1. 1994). 
Morris et at. (1986) reported a blue and gold macaw (Ara 
ararauna) that was ataxic with 15.5 t-tg/ml plasma Zn. 
Liver Zn concentrations in birds are usually less than 210 
jJ.g/g dry weight (Eisler 1993). Only 1 of the whooping 
cranes in this study that had ingested metal (#769) had a 
higher liver Zn concentration (420 t-tg/g dry weight). No 
difference was found in liver Zn when cranes that had metal 
in their stomach were compared with those that did not at the 
time of death. This was expected, however, because no 
cranes were exhibiting signs of toxicosis at the time of death. 
Whooping crane livers collected opportunistically (Lewis et 
al. 1992~ I. Lewis, pers. commun.) from Aransas and Rocky 
Mountain flocks had 401174,44/-,67/206,751-, -1234, and 
100/346 J1,g/g wet weight/dry weight Zn. Liver Zn was 1,910 
jJ.g/g in a chachalaca (Ortalis cinereiceps) that had consumed 
a penny (Droual et a1. 1991). Peach-faced lovebirds 
(Agapornis roweicollis) housed in a new galvanized wire cage 
died with metallic flakes in their gizzards; liver Zn concen-
trations were 75-156 j-lg/g dry weight (Reece et a1. 1986). 
Howard (1992) suggested the pancreas may be a more 
relevant tissue to test for Zn toxicosis. Experimental oral 
dosing of chickens with Zn resulted in exocrine pancreatic 
structural and functional changes (Lu and Combs 1988). 
Pancreatic changes, primarily acinar atrophy and ductular 
proliferation, were noticed in psittacines ingesting galvanized 
wire (Reece et a1. 1986) and in diving ducks ingesting 
pennies and fence clips (Zdziarski et a1. 1994). Zinc toxicosis 
was associated with erosion of the gizzard in a chachalaca 
(Droual et al. 1991) and with necrotizing ventriculitis in 
diving ducks (Zdziarski et a1. 1994). We found no such 
lesions in the whooping cranes; however, clinical signs of 
toxicosis were not observed near the time of death in cranes 
killed by predators. 
Surgical removal of metal was chosen in the 2 clinical 
cases due to the number and large size of the metal objects 
present. It was believed that the large stones in the ventriculis 
might present a problem with endoscopic removal. Other 
options for treatment in such circumstances include fluoros-
copy or endoscopy guided removal with forceps, chelation 
therapy, or the use of bulk cathartics (reviewed by 
Dumonceaux and Harrison 1994). Chelating agents may have 
improved the recovery rate; however, this therapy was not 
selected because frequent handling would have delayed return 
of the bird to the wild. 
A cause for the elevated white blood cell count in the 2 
clinically affected cranes was never determined. Although 
handling stress may have contributed, it cannot account for 
the magnitude of the elevation. Many of the birds killed by 
predators, including these 2, had lesions that suggested 
infection with Eimeria sp. (disseminated visceral coccidiosis). 
Experimentally dosed psittacines (Howard 1992) had dose-
related uric acid and AL T activity increases and PCV and 
hemoglobin decreases; some birds had monocytosis. Similar 
but inconsistent findings were found in these cranes; how-
ever, the lack of changes in individual birds may have been 
due to the time of blood collection relative to the course of 
toxicosis. 
Weight loss was expected and observed in all cranes 
during the Florida quarantine period. Weight loss could not 
be correlated with metal ingestion due to the discrepancy in 
initial weight between the cranes from the 2 breeding 
facilities. Cranes from rCF were generally heavier upon 
arrival and lost more weight during the quarantine period. 
This was likely a result of their better nutritional condition 
(body fat and muscle mass) when compared to birds from 
PWRC. The 2 clinically ill birds lost more weight than their 
PWRC cohorts. Howard (1992) reported weight loss in 
psittacines experimentally dosed with Zn and galvanizing Zn. 
The poorer nutritional condition of the PWRC cranes is a 
possible driving force for their greater propensity to pick up 
metal objects. 
Most of the wire pieces removed from the birds were of 
the type found in the area of newly constructed chain-link 
fencing. The construction contract for the fencing in Florida 
specified that no metal fragments were to be dropped at the 
construction site and that all metal was to be removed upon 
completion. More than a dozen pieces were found with a 
metal-detector the day before the shipment of the cranes. 
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Sel1lm collected from the 6 PWRC birds prior to transporta-
tion had low Zn, suggesting that much of the metal was 
either acquired at the breeding facility neal' the time of 
transfer or in Florida. 
Stones, except for small pieces of limestone, are gener-
ally absent from the sandy and organic soils in Osceola 
County (Brown et al. 1990). Florida sandhi1l cranes usually 
have small limestone pebbles and sometimes small quartz-
like stones (possibly from roadsides) in their stomachs. The 
stomachs of all of the whooping cranes examined at death 
contained many large (about 1 cm diameter) quartz or hard 
stones that were probably acquired in captivity because they 
were unlike those found in central Florida soils. The 2 birds 
that underwent surgery to remove metal (and most stones) 
had either limestone pebbles or very few (4) stones in their 
stomachs when re-examined at death. Whooping cranes may 
pick up metal pieces in their search for large gastroliths. 
Bush and Kelmedy (1978) noticed a greater propensity for the 
larger sams cranes (G. antigone) to ingest foreign objects 
than the smaller sandhill cranes. Foreign objects and stones 
larger than 0.7 cm across are very rarely observed in the 
stomachs of dead sandhi1l cranes in Florida. No difference 
was apparent between the gastric stones in birds from ICF 
and PWRC that would explain the greater propensity for 
metal consumption by PWRC birds. We could find no 
information on gastroliths of wild whooping cranes. 
Survival of the birds ingesting metal (x = 115 ± 59 days 
in Florida, range 38-171 days) was not significantly lower 
than in those with no evidence of metal ingestion (x = 436 ± 
367 days, range 40-730 days [presently surviving birds were 
calculated at 730 days]). Survival of the 2 clinically ill birds 
was undoubtedly artificially increased, because these birds 
remained within the release pen while they were ill and were 
not subject to predation. Although there was no direct 
evidence that Zn toxicosis contributed to mortality I compro-
mised health could predispose birds to predation. Long-term 
sublethal effects of birds recovering from toxicosis should 
also be considered. The bird suspected of ingesting metal 
(#773) survived for more than 2 years; however, it never 
associated with other birds and showed no evidence of pair 
formation at the time that its release cohorts did. 
Three steps were taken to resolve the problem of metal 
ingestion in subsequent releases, and instances of metal 
ingestion have been reduced significantly in the 38 birds 
released in Florida since the first release reported here. (1) 
Metal detectors were used extensively (3-4 passes through 
the pen) prior to the introduction of any cranes. Because of 
proximity to the fence, metal detectors were not effective 
near the bottom of the fence, the area most used by birds 
pacing the fence and probing. We installed a 75-cm-wide 
concrete skirting at the base of the fence so that a metal 
detector could be used effectively up to the edge of the 
skirting. (2) Commercially purchased stones of an appropri-
ate size (about 1 cm diameter) were placed in the release pen 
to serve as gastroliths and thereby diminish the bird's 
attraction to other hard objects. (3) Radiographic and sero-
logic examination for evidence of metal ingestion, and 
surgical removal of metals present, were added to the 2-week 
preshipment quarantine protocol. Metal objects were found 
in the stomachs of 20% of 38 cranes examined at breeding 
facilities prior to shipment to Florida during 1994-95. 
Surgery 2 weeks before shipment allows time for the com-
plete recovery of the cranes prior to the stress of transporta-
tion. Another reason for resolving metal ingestion problems 
prior to shipment was that the prolonged recovery period of 
the birds that became ill and required surgery in Florida 
appeared to delay the time of departure from the pen for 
other birds in the release cohort. 
Ingestion of metal, plastic, and glass objects continues to 
be a potential hazard for whooping cranes in Florida. Twelve 
of 26 cranes (46 %) released since January 1993 that were 
killed by predators contained foreign objects. In 2 cases the 
metal was known to be there from preshipment radiographs, 
4 others contained metal, and 6 contained other foreign 
objects (plastic bases of shotgun shells, pieces of plastic, 
worn pieces of glass). Thus far they have not appeared to 
present a health problem. Evidence presented here suggests 
that whooping cranes ingest foreign objects because appropri-
ate gastroliths are not readily available in Florida, but this 
does not explain such behavior in captive cranes where stones 
are available. 
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